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PREFACE 


This  report  is  presented  as  a comprehensive  description  and  inventory  of  the 
ground-water  resources  available  in  Beaver  County.  With  the  continuing  growth 
of  our  population  and  the  expansion  of  our  industries,  there  is  an  ever  increasing 
rise  in  demand  for  quality  water  resources.  Ground  water,  or  subsurface  water, 
constitutes  one  of  the  largest  reserves  of  quality  water  remaining  to  be 
developed. 

This  report  can  be  of  assistance  to  anyone  who  is  planning  for  future  water 
needs.  It  will  help  to  evaluate  the  quantity  and  quality  of  ground  water  available 
in  any  part  of  the  county,  and  it  will  aid  in  choosing  the  locations,  depths  and 
conditions  most  favorable  for  the  desired  ground-water  yield. 

While  this  publication  has  attempted  to  include  all  available  ground-water 
data  for  the  county,  the  Pennsylvania  Topographic  and  Geologic  Survey  will 
continue  to  collect  ground-water  and  water-well  data  for  the  area;  such  data  will 
be  kept  on  open  file  at  the  Survey  offices  in  Harrisburg,  available  to  anyone  who 
desires  the  very  latest  information. 

We  hope  that  this  report  will  aid  users  of  water  in  Beaver  County  to  develop 
and  manage  their  water  resources  so  as  to  accommodate  their  water  needs. 


Arthur  A.  Scx^olow 
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SUMMARY  GROUND-WATER  RESOURCES  OF 
BEAVER  COUNTY,  PENNSYLVANIA 

by 

Charles  W.  Poth 

ABSTRACT 

The  geologic  units  in  Beaver  County  include  the  Pennsylvanian 
Monongahela,  Conemaugh,  Allegheny  and  Pottsville  Groups  and  un- 
consolidated Quaternary  deposits.  Ground  water  occurs  largely  in  the 
unconsolidated  Quaternary  alluvial  deposits  that  are  present  as 
terraces  and  modern  flood  plains  along  the  major  streams  of  the 
county.  Yields  of  over  1000  gpm  have  been  reported  from  wells 
drilled  in  these  alluvial  deposits. 

Small  supplies  of  water  are  also  available  in  the  bedrock,  but  the 
water  is  generally  of  poor  quality.  The  Monongahela  Group  is  not 
important  as  a water-bearing  unit,  but  the  Conemaugh  Group  is 
present  throughout  the  county,  and  has  yields  of  less  than  1 to  100 
gpm.  About  half  of  the  wells  in  the  Conemaugh  Group  yield  5 gpm 
or  more.  The  Allegheny  Group  crops  out  in  the  stream  valleys  in  the 
northern  half  of  the  county  and  along  the  major  stream  valleys  in  the 
rest  of  the  county.  The  Allegheny  Group  is  capable  of  supplying 
moderate  amounts  of  water;  about  half  of  the  wells  in  the  group 
yield  more  than  15  gpm.  The  Pottsville  Group  crops  out  only  in  the 
northern  part  of  the  valleys  of  the  Beaver  River  and  Connoquenessing 
Creek.  Reported  yields  of  wells  in  the  Pottsville  range  from  6 to  60 
and  average  about  30  gpm. 

Chemical  analyses  of  32  samples  of  well  water  showed  that  most  of 
the  samples  were  of  acceptable  quality.  The  water  is  generally  high 
in  iron,  and  much  of  the  bedrock  below  several  hundred  feet  may 
contain  salt  water. 

There  is  no  known  overdraft  of  ground  water  anywhere  in  the 
county,  except  in  the  vicinity  of  active  mines,  where  the  water  table 
is  being  lowered  to  facilitate  mining. 

The  locations  of  sources  of  pollution,  such  as  sanitary  landfills 
and  septic  tanks,  are  a major  factor  in  the  selection  of  well  sites.  The 
discharge  from  abandoned  strip  and  deep  mines  is  a major  source  of 
pollution.  The  hundreds  of  oil  and  gas  wells  that  were  abandoned 
and  not  properly  plugged  are  another  source  of  pollution.  In  many 
of  these  wells,  salt  water  has  moved  up  the  boreholes  and  con- 
taminated shallow  freshwater  aquifers. 
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BEAVER  COUNTY  GROUND-WATER  RESOURCES 


INTRODUCTION 

PURPOSE  AND  SCOPE 

This  report  is  part  of  a program  to  summarize  the  ground-water  resources  of 
Pennsylvania  in  a series  of  county  reports  that  will  be  easy  to  read  and  suitable 
for  widespread  distribution.  It  contains  a general  description  of  the  aquifers  in 
the  county,  a geologic  and  well  location  map,  and  data  on  the  depth  and  yield  of 
wells  and  the  chemical  quality  of  ground  water. 


LOCATION  AND  GENERAL  GEOGRAPHIC  EEATURES 

Beaver  County  encompasses  an  area  of  441  square  miles  in  west-central 
Pennsylvania  (Eigure  1 ).  The  county  is  bordered  on  the  north  by  Lawrence 
County,  on  the  east  by  Allegheny  and  Butler  Counties,  on  the  south  by 
Washington  County,  and  on  the  west  by  the  State  of  Ohio.  The  city  of  Beaver, 
the  county  seat,  is  35  miles  northwest  of  Pitt-sburgh,  and  237  miles  west  of 
Harrisburg. 

80°  78°  76° 


0 100  Mi les 

1  I 

Figure  1.  Location  of  Beaver  County. 

POPULATION  TRENDS 

The  population  of  Beaver  County  has  increased  about  87  percent  during  the 
past  50  years.  In  the  past  decade  the  population  increased  by  0.7  percent.  Table 
1 shows  the  results  of  the  decennial  census  from  1920  to  1970.  The  1970 
population  density  in  the  county  was  473  persons  per  square  mile. 


WHERE  THE  WATER  COMES  E ROM 
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Table  1.  Population  of  Beaver  County , 1920-1970 


Year 

Population 

1920 

111,620 

1930 

149,062 

1940 

156,754 

1950 

175,192 

1960 

206,948 

1970 

208,418 

LANDFORMS 

Beaver  County  is  in  the  western  part  of  the  Appalachian  Plateaus  province.  Its 
surface  is  characterized  by  rounded  hills  and  steep-sided  valleys.  Flat  upland 
surfaces  are  small  and  decrease  in  size  and  number  southward.  Flood  plains  are 
present  along  some  of  the  rivers  and  streams,  especially  the  Beaver  and  Ohio 
Rivers  and  Connoquenessing  and  Raccoon  Creeks. 

The  highest  land  in  the  county  is  at  an  altitude  of  more  than  1380  feet  above 
mean  sea  level  along  the  Ohio  border,  about  2%  miles  south  of  the  lowest  point 
in  the  county,  which  is  on  the  Ohio  River  at  an  altitude  of  680  feet.  Much  of  the 
upland  area  lies  between  1 100  and  1200  feet  above  sea  level. 


LAND  USE  IN  THE  1960’S 

Data  from  the  Beaver  County  Planning  Commission  show  that  about  one- 
fourth  of  the  land  in  the  county  is  classified  as  developed  land;  that  is,  land  used 
for  residential,  commercial,  industrial,  public  and  semipublic,  and  general 
services  purposes.  Slightly  less  than  one-fourth  is  used  for  agriculture;  about  2 
percent  for  strip  mining;  the  remaining  land,  slightly  more  than  half,  is  classified 
as  unused.  Raccoon  State  Park  is  in  the  southwestern  part  of  the  county. 


WHERE  THE  WATER  COMES  FROM 

HYDROEOGIC  CYCLE 

Water  is  one  of  our  most  important  resources,  and  it  constitutes  the  major 
part  of  most  living  things.  Man’s  existence  depends  upon  it,  yet  water  supplies 
are  taken  for  granted  by  most  individuals.  As  shown  in  Figure  2,  water 
evaporates  from  the  oceans  and  is  carried  as  vapor  until  it  condenses  and  falls. 
Most  of  the  precipitation  on  the  land  is  either  used  by  vegetation,  evaporates 
back  to  the  atmosphere,  or  runs  overland  as  streamflow.  Part  enters  the  soil  and 
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WHERE  THE  WATER  GOES 
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bedrock  to  recharge  water-bearing  formations,  called  aquifers.  The  water  moves 
at  a varying  pace,  depending  on  its  environment,  but  it  eventually  returns  to  the 
oceans. 

If  man  interrupts  or  changes  the  hydrologic  cycle,  he  may  cause  effects  that 
last  for  many  years. 


PRECIPITATION 

Precipitation  is  the  source  of  all  fresh  water  in  the  county.  The  average  yearly 
precipitation  from  1961  to  1970  was  34.14  inches  at  Beaver  Falls  and  33.94 
inches  at  the  Montgomery  Lock  and  Dam  (U.S.  Department  of  Commerce, 
1970).  Not  all  the  water  in  the  streams  is  from  precipitation  on  the  county,  as 
some  streams  carry  runoff  from  areas  outside  the  political  boundaries. 

Precipitation  is  distributed  evenly  throughout  the  year.  The  summer  has  a 
little  more  rainfall  than  the  other  seasons.  Much  of  the  summer  rain  falls  during 
intense  thunderstorms  of  short  duration.  About  one-tenth  of  the  total  precipi- 
tation is  snow. 


WHERE  THE  WATER  GOES 

EVAPOTRANSPIRATION 

Evapotranspiration  is  a collective  term  describing  the  return  of  water  to  the 
atmosphere  as  vapor.  In  the  process  of  transpiration,  soil  moisture  returns  to  the 
atmosphere  as  a by-product  of  plant  growth.  In  the  evaporation  process,  water 
changes  directly  from  a liquid  to  a vapor.  The  total  annual  water  loss  from 
Beaver  County  by  both  evaporation  and  transpiration  is  about  20  inches. 

Measurements  of  evaporation  from  a free  water  surface  by  the  U.S.  Weather 
Bureau  at  their  station  at  Ford  City,  Armstrong  County  — the  nearest  station  to 
Beaver  County  where  such  measurements  have  been  made  — show  an  average 
annual  evaporation  of  28  inches.  The  evaporation  rate  from  a free  water  surface, 
however,  is  greater  than  the  combined  evapotranspiration  rate  from  other 
surfaces.  Direct  measurements  of  transpiration  have  not  been  made. 


STREAMFLOW 

Most  of  the  water  not  lost  through  evapotranspiration  leaves  the  county  as 
discharge  from  streams.  This  discharge  accounts  for  about  14  inches  of  the 
annual  precipitation  on  the  area.  The  larger  streams  and  the  locations  of  gaging 
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stations  that  measure  streamflow  in  Beaver  County  are  shown  in  Plate  1. 
Identification  numbers  are  those  assigned  by  the  U.S.  Geological  Survey.  A 
summary  of  discharge  data  for  the  gaging  stations  is  given  in  Table  2.  More 
detailed  information  on  streamflow  can  be  obtained  from  Surface  Water  Records 
for  Pennsylvania  published  annually  by  the  U.S.  Geological  Survey  (1970). 

GROUND  WATER 

Much  of  the  precipitation  on  the  land  surface  returns  to  the  atmosphere  or 
reaches  the  streams  as  overland  runoff.  Part  infiltrates  the  soil  and  moves 
througli  fractures  and  other  void  spaces  in  the  underlying  rock.  Its  downward 
movement  continues  until  it  reaches  the  water  table,  below  which  all  the 
interconnected  voids  are  filled  with  water.  This  is  illustrated  in  Figure  3.  After 
reaching  the  saturated  zone,  the  water  moves  downward  and  laterally  toward 
lower  altitudes  and  eventually  returns  to  land  surface,  either  from  springs  or 
from  wells. 

Ground  water  occurs  under  both  water-table  and  artesian  conditions.  Water- 
table  conditions  are  those  in  which  ground  water  is  unconfmed  and  the  upper 
surface  of  the  water,  or  water  table,  is  free  to  rise  or  fall.  Artesian  conditions 
exist  where  the  ground  water  is  confined  in  a permeable  rock  (having  inter- 
connected openings)  that  is  overlain  by  a relatively  impermeable  rock.  The  upper 
surface  is  not  free  to  rise  or  fall,  but  the  water  is  under  enough  pressure  to  rise 
above  the  containing  aquifer  in  wells  that  penetrate  the  aquifer.  The  imaginary 
surface  to  which  water  will  rise  in  wells  tapping  an  artesian  aquifer  is  called  the 
artesian  or  confined  potentiometric  surface. 


Figure  3.  Downward  movement  of  water  through  soil  and  rock  to  the  water 
table. 


Table  2.  Discharge  Data  for  Gaged  Streams 
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Sand  l♦-o.Ol'— ►! 

Primary  openings  in  unconsolidated  material 


Secondary  openings  in  consolidated  rocLj 

Figure  4.  How  water  occurs  in  the  rocks.  is 
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The  water  table  fluctuates  according  to  the  relative  amounts  of  recharge 
t (additions  to  the  aquifer)  and  discharge  (losses  through  springs  and  wells). 
I Because  large  evapotranspiration  losses  occur  during  the  growing  season  (April  to 
■ October),  very  little  recharge  reaches  the  saturated  zone  during  that  period,  and 
j water  levels  decline.  Water  levels  generally  rise  throughout  the  rest  of  the  year, 
i Water  levels  in  the  county  are  at  or  near  the  land  surface  in  the  valleys  and 
T rise  under  the  hilltops  and  ridges.  The  rate  of  water-level  rise,  however,  is  less 
I:  than  that  of  the  land  surface,  so  depths  to  water  at  the  higher  altitudes  are 
I greater  than  those  in  the  valleys.  The  water  table,  therefore,  is  a subdued  replica 
i of  the  land  surface.  Because  wells  drilled  in  valleys  generally  contain  water  at 
I shallower  depths  than  wells  drilled  on  hills,  they  have  more  available  drawdown 
1 than  wells  of  the  same  depth  drilled  on  the  hills  and  are  less  likely  to  go  dry 
I during  droughts. 

I Ground  water  occurs  in  and  moves  through  interconnected  openings  (Figure 
(I  4)  of  either  primary  or  secondary  origin.  Primary  openings  are  the  spaces 
'}  between  individual  grains  (chiefly  in  unconsolidated  material).  Secondary 
"j  openings  are  those  formed  after  the  consolidation  and  cementation  of  the 
‘ ; sediments  and  generally  result  from  the  fracture  or  solution  of  the  rock  as  the 
; I result  of  external  forces.  Solution  cavities  are  formed  by  the  solution  and 
I removal  by  water  of  parts  of  rocks  such  as  limestone. 


j 

i Ground-Water  Quality 


I As  precipitation  enters  the  ground,  it  dissolves  parts  of  the  soil  and  rock  and, 
' thus,  picks  up  various  mineral  constituents.  The  changes  that  occur  in  the 
; ■ chemical  quality  of  the  water  in  the  bedrock  are  discussed  more  thoroughly  in  a 
! later  section.  Ground  water  generally  contains  more  dissolved  mineral  matter 
I than  surface  water  and  occasionally  may  contain  so  much  dissolved  matter  that 
it  is  not  fit  to  drink.  Water  containing  more  than  500  mg/1  (milligrams  per  liter) 
►,  dissolved  solids  is  not  considered  desirable  for  domestic  supplies,  though  more 
■ highly  mineralized  water  is  used  where  better  water  is  not  available.  The  soil  and 
• i rocks  through  which  the  ground  water  percolates  tend  to  filter  solid  suspended 
. materials  and  bacteria  so  that  the  ground  water  is  generally  clear  and  has  fewer 
' bacteria  than  surface  water.  The  temperature  of  ground  water  is  fairly  uniform 
I throughout  the  year. 

Analyses  of  32  samples  of  well  water  are  listed  in  Table  3.  Seventeen  of  the 
’ samples  are  from  wells  in  river  alluvium,  eight  are  from  wells  in  glacial  outwash, 
' six  are  from  wells  in  the  Conemaugh  Group,  and  one  is  from  a well  in  the 
Allegheny  Group. 

Most  of  the  water  sampled  is  of  acceptable  quality.  However,  iron  concen- 

I trations  in  eight  samples  and  dissolved-solids  content  in  ten  samples  exceed  the 
j : maximum  values  (0.3  mg/1  and  500  mg/1)  recommended  by  the  U.S.  Public 

I I Health  Service  (1962).  Only  two  of  the  samples  are  high  in  both  iron  and 
r dissolved-solids  concentrations. 


Ta b I e 3 . Chemical  A na lyses  of  G round  Wa ter 
(Results  in  milligrams  per  liter  except  where  indicated.) 
Aquifer:  Qal,  alluvium;  Qgo,  glacial  outwash;  |f  c,  Conemaugh  Group,  [fa,  Allegheny  Group. 
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BEAVER  COUNTY  GROUND-WATER  RESOURCES 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 

Ground  water  in  Beaver  County  occurs  under  both  artesian  and  water-table 
conditions.  Reported  well  yields  range  from  less  than  I to  1600  gpm  (gallons  per 
minute).  Data  on  about  220  wells  drilled  in  the  several  geologic  formations  that 
underlie  the  county  are  listed  in  Table  4.  Plate  1 shows  the  locations  of  the  wells 
and  the  areas  where  the  geologic  units  are  at  the  surface  or  beneath  the 
unconsolidated  deposits. 

A summary  of  the  water-bearing  characteristics  of  the  geologic  units  in  Beaver 
County  is  given  in  Table  5.  Sample  logs  of  several  wells  are  given  in  Table  6. 
These  sample  logs  are  representative  of  the  variety  of  rocks  penetrated  when 
drilling  in  this  county. 


UNCONSOLIDATED  DEPOSITS 
Origin  and  Lithology 

The  unconsolidated  deposits  in  Beaver  County  are  present  chiefly  along  the 
valleys  and  in  the  extreme  northwest  corner  of  the  county.  Most  of  these 
deposits  owe  their  origin,  either  directly  or  indirectly,  to  glaciers  that  covered 
the  northern  part  of  North  America  during  early  Quaternary  time. 

Glaciers  moved  into  northwestern  Beaver  County  at  least  twice  during  the 
Quaternary  Period  and  deposited  a heterogeneous  veneer  of  clay,  silt,  sand,  and 
boulders  (Plate  1).  The  earlier  glaciation  is  called  Illinoian,  after  the  state  where 
it  was  first  studied,  and  the  later  glaciation  is  part  of  the  Wisconsinan  glaciation 
called  the  Kent  Stade  (both  named  in  the  same  fashion  as  the  Illinoian). 

The  Illinoian  drift  in  Beaver  County  is  represented  now  chiefly  by  scattered, 
severely  weathered  erratics  — that  is,  rocks  that  are  not  native  to  the  area  in 
which  they  are  found.  The  Kent  drift  in  Beaver  County  covers  a smaller  area 
than  that  covered  by  the  Illinoian  drift.  It  is  thin,  probably  less  than  25  feet 
thick,  and  lacks  the  hummocky  topography  that  it  displays  along  its  border  to 
the  northeast. 

As  the  glaciers  melted,  much  of  the  rock  debris  that  the  glaciers  had  picked 
up  was  carried  away  by  the  meltwater  streams  and  deposited  in  the  stream 
valleys  miles  beyond  the  ice  border.  The  deposits  consist  chiefly  of  sand  and 
gravel,  most  of  the  silt  and  clay  having  been  carried  far  downstream.  Subsequent 
erosion  has  removed  most  of  these  outwash  deposits,  leaving  only  remnants  as 
terraces  scattered  along  the  valley  walls.  The  erosion  also  deepened  the  valleys 
and  removed  most  of  the  outwash  deposits,  so  that  the  high  terraces  are 
correlated  with  the  earlier  (Illinoian)  glaciation  and  the  low  terraces  with  the 
later  (Wisconsinan)  glaciation. 

Terraces  occur  also  in  Beaver  County  along  the  valleys  of  some  streams  that 
did  not  flow  from  the  ice  and  which  contain  only  locally  derived  material.  These 
deposits  are  called  the  Carmichaels  Formation;  they  consist  dominantly  of  sand 
but  also  contain  minor  amounts  of  both  coarser  and  finer  material.  The  altitude 
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these  rocks  is  available.  The  water  is  saline 
and  high  in  iron  concentration. 
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BEAVER  COUNTY  GROUND-WATER  RESOURCES 


T able  6.  Drillers'  Logs  of  Wells 


Well  Bv-22 


Description 


Thickness  Depth 
(feet)  (feet) 


Soil 

Sand,  brown 

Sand,  brown;  gravel. 

Sand  and  gravel 

Sand  and  clay 

Sand  and  gravel 

Sand,  gray 

Slate  rock 


1 

1 

5 

6 

8 

14 

54 

68 

2 

70 

36 

106 

4 

no 

1 

111 

Sandy  loam  and  clay.... 
Sand  and  coarse  gravel . 

Sand,  brown;  gravel 

Sand  and  coarse  gravel . 

Sand  and  fine  gravel 

Sand  and  coarse  gravel . 


Loam 

Sand,  gravel,  and  clay 

Clay,  gravel,  and  some  sand... 

Sand  and  gravel 

Hard  pan 

Sand  and  gravel 

Sand,  some  gravel 

Sand,  gravel,  and  some  clay... 
Sand,  coarse,  and  fine  gravel . 
Clay,  gravel,  and  some  sand... 
Sand  and  gravel 


Well  Bv-49 

Thickness 

Depth 

Description 

(feet) 

(feet) 

6 

6 

60 

66 

33 

99 

20 

119 

3 

122 

3 

125 

Well  Bv-58 

Thickness 

Depth 

Description 

(feet) 

(feet) 

1 

1 

21 

22 

3 

25 

16 

41 

6 

47 

19 

66 

16 

82 

18 

100 

10 

no 

2 

112 

18 

130 
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Table  6.  (Continued) 
Well  Bv-155 


Thickness  Depth 

Description  (feet)  (feet) 


Clay,  yellow 8 8 

Clay,  gray,  and  gravel 6 14 

Clay,  gray 3 17 

Sand  and  gravel 5 22 

Shale,  brown,  soft 9 31 

Sandstone,  gray  to  brown 5 I 82 

Shale,  gray 7 89 

Shale,  black 6 95 

Coal  (Middle  Kittanning?) HA  961/2 

Clay V/2  98 

Sandstone,  gray 54  152 

Shale,  blue  and  gray 28  180 

Shale,  black 6 186 

Coal  (Lower  Kittanning?) 4 190 

Underclay 1 191 

Shale,  white 3 194 

Sandstone 2 196 


Well  Bv-156 


Thickness  Depth 

Description  (feet)  (feet) 


Fill,  tan 19  19 

Shale,  tan  and  gray 16  35 

Mudstone 3 38 

Shale,  gray,  becomes  red  downward 9 47 

Shale,  red 10  57 

Mudstone,  red 10  67 

Siltstone,  gray 15  82 

Shale,  gray 19  101 


of  these  terraces  is  about  the  same  as  that  of  the  higlier  glacial  terraces,  so  they 
are  considered  to  be  of  lllinoian  age. 

The  maximum  thickness  of  the  glacial  terrace  deposits  is  not  known,  but  one 
well  (Bv-184)  drilled  to  a depth  of  167  feet  failed  to  reach  bedrock.  As  casing  is 
used  to  prevent  the  unconsolidated  material  from  collapsing  into  the  well,  the 
amount  of  casing  in  a well  is  often  a good  index  of  the  thickness  of  the  deposit 
at  that  point.  Half  of  the  34  wells  on  which  data  are  available  use  more  than  97 
feet  of  casing.  The  terraces  formed  by  the  Carmichaels  Fomiation  are  con- 
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siderably  thinner.  Thickness  estimates  range  from  5 to  10  feet  in  the  Sewickley 
quadrangle  (Munn,  1911,  p.  7)  to  “20  or  30  feet”  in  the  adjoining  Beaver 
quadrangle  (Woolsey,  1905,  p.  7). 

The  last  type  of  unconsolidated  deposit  is  the  alluvium,  which  forms  the 
Hood  plains  of  the  present  streams.  The  alluvium  ranges  in  particle  size  from  clay 
to  gravel  and  is  locally  stratified.  Based  on  the  depth  of  casing  of  38  wells  drilled 
on  flood  plains,  the  average  thickness  is  about  50  feet.  One  well  penetrated  109 
feet  of  alluvium  without  reaching  bedrock  (well  Bv-23). 

Water-Bearing  Characteristics 

The  drift  or  sediment  laid  down  by  the  ice  is  generally  poorly  permeable  and 
capable  of  yielding  only  enough  water  to  wells  for  a domestic  supply. 

The  outwash  deposits,  which  are  present  today  as  terraces,  are  higlily 
permeable,  and  excellent  yields  have  been  reported  for  wells  penetrating  these 
materials.  Half  of  the  40  wells  on  which  data  are  available  yielded  more  than  162 
gpm,  and  three  of  the  wells  yield  1000  gpm  or  more. 

The  alluvial  deposits  along  the  modern  flood  plains  are  also  excellent  sources 
of  water.  About  half  of  the  49  wells  on  which  data  are  available  yield  500  gpm 
or  more,  and  seven  yield  more  than  1000  gpm. 

Well  Construction,  Location,  and  Spacing 

Yields  of  wells  in  the  unconsolidated  material  are  greatest  if  the  wells  are 
drilled  to  the  underlying  bedrock  and  if  screens  are  installed  opposite  any  zones 
of  coarse-grained,  water-saturated  material.  Wells  aligned  parallel  to  a nearby 
stream  minimize  interference  between  wells.  A parallel  alignment  to  the  streams 
can  also  increase  the  amount  of  recharge  to  the  alluvium  from  the  stream  when 
the  wells  are  pumped.  Distances  between  wells  and  between  the  stream  and  wells 
can  be  determined  after  the  areal  extent,  saturated  thickness,  and  permeability 
of  the  alluvium  are  known. 


Water  Quality 

Chemical  analyses  are  available  of  the  water  from  eight  wells  drilled  in  glacial 
outwash  deposits  and  17  wells  drilled  in  recent  alluvial  deposits. 

The  water  from  the  glacial  material  has  an  average  dissolved-solids  content  of 
about  425  mg/1  and  ranges  from  hard  to  very  hard.  In  four  samples,  calcium  and 
magnesium  are  much  more  abundant  than  sodium  and  potassium;  in  three,  the 
two  sets  of  ions  are  about  equal;  and  in  one  sample,  sodium  and  potassium 
predominate.  Bicarbonate  is  the  dominant  anion  in  all  but  one  sample,  where 
sulfate  is  the  most  abundant.  Sulfate  and  chloride,  however,  are  prominent  in  all 
samples.  Nitrate  concentration  exceeds  Public  Health  Service  drinking  water 
standards  (45  mg/1)  in  two  samples  and  nearly  exceeds  them  in  a third.  Con- 
centration of  iron,  determined  on  only  two  of  the  samples,  amounts  of  0.1  and 
0.17  mg/1. 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 


23 


The  water  from  the  alluvium  has  an  average  dissolved-solids  content  of  about 
410  mg/1  and  ranges  from  moderately  hard  to  very  hard.  Most  waters  are 
dominantly  of  the  calcium  magnesium  bicarbonate  type.  Sulfate,  however,  is  the 
dominant  anion  in  two  samples,  and  chloride  is  dominant  in  two  other  samples. 
Concentration  of  iron  was  determined  on  13  samples  and  ranges  from  zero  to 
5.0  mg/1;  about  half  the  samples  contain  more  than  the  0.3  mg/1  limit  recom- 
mended by  the  Public  Health  Service. 


BEDROCK 
General  Features 
Origin  and  Lithology’ 

The  sediments  forming  the  bedrock  in  Beaver  County  were  deposited  on  or  a 
short  distance  seaward  of  a large  delta  that  grew  generally  westward  during  the 
time  of  Pennsylvania’s  great  coal  swamps.  The  youngest  of  these  rocks  is  the 
Monongahela  Group,  which  is  present  ouly  on  the  tops  of  a few  hills  along  the 
southern  border  of  the  county  (Plate  1).  The  next  older  and  most  extensively 
exposed  group  of  rocks  in  the  county  is  the  Conemaugh.  Along  the  Ohio  and 
Beaver  Rivers  and  some  of  the  smaller  streams  in  the  northern  part  of  the 
county,  erosion  has  removed  the  Conemaugh  and  exposed  some  of  the  under- 
lying rocks.  The  rocks  immediately  underlying  the  Conemaugli  are  the  Allegheny 
Group.  Along  the  northern  part  of  the  Beaver  River  and  its  tributary,  Conno- 
quenessing  Creek,  erosion  has  deepened  the  valleys  sufficiently  to  expose  the 
Pottsville  Group  beneath  the  Allegheny  Group. 

Each  of  the  four  groups  is  composed  of  sandstone,  shale,  and  coal,  but  certain 
rock  types  predominate  over  others  in  the  different  groups  and  locally  some  may 
be  absent.  In  the  Conemaugh  and  Pottsville  Groups,  sandstone  is  prominent  and 
coal  is  poorly  developed;  however,  in  the  Monongahela  and  Allegheny,  coal  and 
shale  are  prominent  and  sandstone  beds  are  generally  thin  and  shaly. 

Each  of  the  groups  contain  sandstone,  which  occupies  long  narrow  bodies 
that  seem  to  have  been  deposited  in  a stream  channel.  The  channels  are  eroded 
into  the  underlying  beds,  and  some  of  the  major  ones  may  have  been  eroded 
entirely  througli  the  beds  of  one  group  of  rocks.  The  major  channel  sandstones 
commonly  overlie  one  another,  so  that  the  entire  stratigraphic  sequence  at  a 
given  point  may  be  sandstone.  A few  miles  on  either  side  of  the  channel  the  beds 
may  be  predominantly  shale. 


Structure 

The  stresses  that  formed  the  Appalachian  Mountains  to  the  east  of  Beaver 
County  were  much  weaker  in  Beaver  County  but  still  made  their  presence 
known.  To  determine  the  effect  of  these  stresses,  the  altitude  of  a single  rock 
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layer  is  measured  at  many  different  places  througliout  the  county,  and  a 
structure  contour  map  is  prepared  from  the  data.  The  layer  or  marker  bed 
should  be  one  that  is  widely  distributed  and  easily  recognized.  Only  some  of  the 
limestones  and  coal  beds  qualify  as  marker  beds  here. 

Previous  geologists  have  used  several  beds  to  construct  structure  maps  of  parts 
of  the  county.  The  Upper  Freeport  coal  is  used  in  this  report  because  it  is 
exposed  over  a large  area  in  the  central  part  of  the  county  and  also  is  inter- 
mediate in  altitude  among  the  beds  used.  The  interval  between  each  of  these 
beds  and  the  Upper  Freeport  coal  was  assumed  to  be  constant  throughout  the 
bed’s  areal  extent  and  was  added  or  subtracted,  as  appropriate,  to  obtain  the 
altitude  of  the  Upper  Freeport  coal. 

Plate  1 shows  how  the  rocks  have  been  warped  into  folds  or  structural  ridges 
(anticlines)  and  structural  troughs  (synclines).  These  folds  have  been  superposed 
on  a broader  regional  structure  that  causes  the  rocks  to  dip  generally  southward. 
The  total  relief,  or  range  of  altitude,  on  the  top  of  the  Upper  Freeport  coal  is 
more  than  550  feet  in  the  county. 

A structure  map  is  important  in  the  study  of  ground  water  because  it  makes 
possible  the  determination  of  the  altitude  of  the  rocks.  Thus,  a rock  may  be  an 
important  water-bearer  in  one  area  but  may  lie  too  deep  to  be  worth  drilling  in 
another  area. 

Water-Bearing  Characteristics 

Water  occurs  in  consolidated  rocks  chiefly  in  fractures.  Where  the  rock  is 
shale,  the  fractures  are  small  and  close  readily  because  shale  is  weak  and 
crumbles  easily.  Sandstone  is  generally  well  cemented,  but  when  fractured  it 
tends  to  develop  clean  breaks  that  remain  open  and  serve  as  excellent  conduits 
for  water.  The  fractures  are  irregularly  distributed  in  the  rock,  however,  and 
make  up  a relatively  small  amount  of  the  total  volume  of  the  rock;  thus,  they  are 
unable  to  store  the  large  quantities  of  water  that  the  spaces  between  grains  of 
the  unconsolidated  material  are  capable  of  storing. 

Well  Location  and  Spacing 

Wells  of  good  yield  in  consolidated  rocks  must  intercept  fractures  in  which 
water  occurs,  thougli  the  locations  of  such  fractures  are  difficult  to  determine. 
In  recent  years  it  has  been  discovered  that  fractures  or  concentrations  of 
fractures  are,  in  places,  detectable  on  aerial  photographs  as  linear  features,  called 
fracture  traces,  which  result  from  topographic  (including  straight  stream  seg- 
ments), vegetational,  or  soil-tonal  alignments.  Care  must  be  taken  to  ensure  that 
the  features  are  not  man-made. 

If  aerial  photographs  are  not  available,  or  if  fracture  traces  cannot  be 
identified  on  the  photographs,  good  results  may  often  be  obtained  by  drilling  in 
stream  valleys,  especially  straight  reaches.  The  drilling  of  wells  in  valleys  is 
justified  theoretically  because  fractures  are  zones  of  weakness  in  the  rocks  and. 
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therefore,  more  erodible  and  apt  to  become  valleys  than  adjacent  areas.  Also, 
there  is  more  available  drawdown  in  the  valley  wells,  because  water  occurs  at 
shallower  depths  beneath  the  surface  in  valleys  than  on  hills. 

The  location  and  spacing  of  wells  in  a well  field  is  a major  factor  controlling 
their  interference  with  one  another  during  pumping.  When  a well  that  obtains  its 
water  from  a fracture  is  pumped,  the  water  level  draws  down  in  the  shape  of  a 
cone  whose  horizontal  dimensions  are  distorted  into  an  elongate  shape,  with  the 
longest  axis  along  the  fracture  in  both  directions  from  the  well.  If  two  or  more 
fractures  supply  the  well,  a part  of  the  cone  will  extend  along  each  of  the 
fractures. 

Fractures  are  not  randomly  oriented,  but  are  generally  arranged  in  two  or 
three  major  directions.  In  a small  area,  two  fractures  may  be  parallel  and  only 
poorly  interconnected,  so  that  a well  on  each  of  the  fractures  interferes  with  the 
other  only  slightly  or  not  at  all.  In  contrast,  if  the  fractures  are  well  connected 
or  if  the  wells  tap  the  same  fracture,  the  pumping  of  one  of  the  wells  produces 
nearly  as  much  drawdown  in  the  unpumped  well  as  in  the  one  that  is  pumped. 

In  summary,  wells  located  on  fracture  traces  tend  to  yield  more  water  than 
wells  not  so  located;  wells  located  on  different  fractures,  or  as  far  apart  as 
practicable,  interfere  with  one  another  to  a minimum  extent. 


Water  Quality 

The  chemical  character  of  the  water  in  the  rocks  of  the  Appalachian  Plateaus 
is  diverse.  Geologic  conditions  here  give  rise  to  three  distinct  types  of  water  and, 
of  course,  mixtures  of  these  types. 

First,  as  precipitation  percolates  througlr  the  soil  and  underlying  rock  it 
dissolves  small  amounts  of  mineral  matter,  chietly  calcium  and  magnesium 
carbonates,  which  become  bicarbonate  in  solution,  and  minor  amounts  of  silica, 
iron,  manganese,  sodium,  potassium,  sulfate,  chloride,  nitrate,  and  tluoride.  The 
resultant  solution  is  called  a calcium  magnesium  bicarbonate  water.  It  generally 
contains  about  200  mg/1  dissolved  solids  and  is  the  type  of  water  that  is  usually 
referred  to  when  good  quality  ground  water  is  mentioned. 

Second,  ancient  environments  that  favored  the  accumulation  of  plant 
material,  which  later  was  transformed  into  coal,  also  favored  the  deposition  of 
iron  sulfides,  chief  of  which  is  pyrite.  Many  coal  beds,  therefore,  have  pyrite 
associated  with  them,  either  in  masses  interbedded  with  the  coal  or  finely 
disseminated  in  the  overlying  strata.  The  pyrite  dissolves  in  the  ground  water  and 
contributes  iron  and  sulfuric  acid  to  form  a second  type  of  water,  called  a sulfate 
water.  More  commonly  it  is  known  as  acid-mine  water,  thougli  it  may  not  be 
connected  with  any  mining  operations,  and  the  acid  may  have  been  neutralized 
by  reaction  with  limestone.  However,  mining  will  accelerate  the  solution  of 
pyrite  by  breaking  up  the  rock  and  exposing  more  surface  area  of  pyrite  to  water 
and  air. 
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The  presence  of  sulfuric  acid  enables  the  water  to  attack  the  rocks  more 
strongly,  which  may  increase  the  dissolved-solids  content  of  the  water  to  more 
than  2000  mg/1. 

Third,  when  the  sediments  that  form  the  consolidated  rocks  were  laid  down, 
sea  water,  which  contains  chiefly  sodium  and  chloride,  was  trapped  in  the  pore 
spaces.  Subsequently,  changes  have  concentrated  the  dissolved-solids  content  of 
this  trapped  water  so  that  today  the  concentration  of  dissolved  material  may 
exceed  200,000  mg/1.  Such  water  occurs  below  the  zone  of  fresh  water  and  is 
commonly  found  during  the  drilling  of  deep  oil  and  gas  wells.  Sometimes  the  salt 
water  invades  the  freshwater  aquifers  through  damaged  or  poorly  plugged  deep 
wells. 

Precipitation  has  flushed  the  salt  water  from  the  upper  several  hundred  feet 
of  rock.  However,  all  the  constituents  are  not  flushed  with  equal  ease.  Some 
sodium  is  held  by  the  clay  in  the  rocks  and  is  removed  very  slowly,  but  the 
chloride  is  readily  flushed.  The  flushing  may  be  summarized  as  taking  place  in 
the  following  steps:  (1)  the  dissolved-solids  content  is  decreased,  yielding  a 
dilute  sodium  chloride  water;  (2)  almost  all  the  chloride  is  removed,  leaving  a 
sodium  bicarbonate  water;  (3)  the  sodium  concentration  is  still  further  reduced, 
and  the  water  in  the  rocks  becomes  the  type  1,  or  calcium  magnesium  bi- 
carbonate type. 

In  the  absence  of  poorly  permeable,  difficult-to-flush  rocks  or  contamination 
from  leaky  wells,  the  upper  100  to  300  feet  of  rocks  of  the  county  contain  fresh 
ground  water.  Near  the  base  of  this  zone  the  partly  flushed  water  discussed 
above  is  present. 

Monongahela  Group 
Distribution  and  Lithology 

The  rocks  of  the  Monongahela  Group  are  present  only  on  the  upper  parts  of  a 
few  hills  in  the  southern  part  of  the  county.  At  its  maximum  thickness  in  the 
county  (about  60  feet),  the  group  is  represented  in  ascending  order,  by  the 
Pittsburgh  coal  bed  and  its  underclay,  an  unnamed  shale,  the  Pittsburgh  rider 
coal  bed,  and  an  unnamed  shale  that  contains  a coarse  5-foot-thick  sandstone 
bed. 


Water-Bearing  Properties 

The  Monongahela  is  not  important  as  a water-bearing  unit  because  of  its  small 
areal  extent,  topographic  position,  and  lithologic  character. 

Conemaugh  Group 
Distribution  and  Lithology 

The  Conemaugh  Group  has  been  divided  into  the  Casselman  and  Glenshaw 
Formations.  It  is  present  througliout  the  county  except  in  the  valleys  of  some  of 
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the  streams,  where  it  has  been  eroded.  Only  in  the  southern  part  of  the  county, 
however,  is  the  entire  group  present.  Each  formation  contains  a massive  sand- 
stone member  that  has  locally  formed  topographic  benches. 

The  following  is  a generalized  geologic  section  of  the  Conemaugh  Group  in 
Beaver  County. 


Average 

thickness 

(feet) 


Casselman  Formation 

Shale,  several  limestones  (Pittsburgh  limestone  beds),  and  coal  beds  40 

ConneUsville  Sandstone  Member  - sandstone,  shaly;  shale;  locally  coal 

and  limestone  75 

Morgantown  Sandstone  Member  — sandstone,  coarse-  to  fine-grained, 

massive  to  thin-bedded;  sandy  shale;  most  persistent  sandstone  in  region 65 

Shale,  red  and  green;  shaly  limestone;  thin  discontinuous  coal  beds  40 

Glenshaw  Formation 

Ames  Limestone  Member  — greenish-gray,  breaks  along  a rough  surface 

that  resembles  coarse-grained  sandstone  5 

Red  beds  — shale,  red  to  green;  locally  coal  and  limestone  near  top  30 

Saltsburg  Sandstone  Member  - sandstone,  clayey;  shale 65 

Buffalo  Sandstone  Member  — shale,  sandy,  and  laminated  sandstone; 

coal  near  top 100 

Shale,  yellow  to  red  at  bottom,  dark-gray  to  brown  at  top;  coal  and 

limestone  60 

Mahoning  Sandstone  Member  — sandstone,  coarse-grained,  locally 
conglomeratic,  yellowish-brown,  may  be  massive;  thin  lenses  of  coal 
and  Limestone;  shale 40 


The  lithology  of  the  formations  is  extremely  variable,  so  that  sandstone  is 
superseded  by  shale  both  laterally  and  vertically  within  short  distances,  and  the 
coal  and  limestone  beds  are  thin  and  not  persistent.  The  Ames  is  more  widely 
distributed  than  the  other  limestones  in  the  Conemauglr  and  is  used  as  a marker 
bed  in  places.  The  Conemauglr  is  about  520  feet  thick. 

Well  Depths  and  Yields 

Data  are  available  for  52  wells  in  the  Conemaugh  in  Beaver  County.  The  wells 
range  in  depth  from  51  to  350  feet,  and  the  average  depth  is  about  1 12  feet. 

Yields  were  reported  for  41  of  the  wells.  Eight  yield  less  than  1 gpm  and  nine 
yield  more  than  10  gpm.  Only  one  well  yielded  as  much  as  100  gpm.  About  half 
the  wells  yield  5 gpm  or  less. 


Water  Quality 

Analyses  of  six  samples  of  water  are  available  from  the  Conemaugh.  Five  are 
from  a small  area  in  the  southern  part  of  the  county  and  may  not  be  repre- 
sentative of  the  Conemauglr  througlrout  the  county.  The  wells  are  in  valleys,  and 


28 


BEAVER  COUNTY  GROUND-WATER  RESOURCES 


althougli  not  excessively  deep  (they  range  in  depth  from  100  to  238  feet),  they 
contain  water  that  shows  that  these  rocks  have  not  been  completely  flushed  of 
the  sea  water  trapped  in  the  pore  spaces  when  the  rocks  were  deposited.  The 
dissolved-solids  content  of  the  well  water,  more  than  500  mg/1,  exceeds  the 
recommended  limit  of  the  U.S.  Public  Health  Service  (1962),  and  the  water  is  of 
the  sodium  bicarbonate  type.  Three  samples  also  contain  more  than  100  mg/1 
chloride. 

The  sixth  sample  is  from  an  unused  well  (Bv-5)  drilled  for  industrial  use  at 
Ambridge.  It  contains  1 160  mg/1  dissolved  solids  and  is  high  in  concentration  of 
sodium  and  potassium,  chloride,  bicarbonate,  and  sulfate. 

Allegheny  Group 
Distribution  and  Lithology 


The  Allegheny  Group  crops  out  in  stream  valleys  in  the  northern  half  of  the 
county  and  along  the  major  stream  valleys  across  most  of  the  county.  It  includes 
all  the  rock  between  the  top  of  the  Upper  Freeport  coal  and  the  base  of  the 
Brookville  coal  or  its  underclay  and  is  about  300  feet  thick.  The  Allegheny  has 
been  divided  into  the  Freeport  Formation  (youngest).  Kittanning  Formation, 
Vanport  Limestone,  and  Clarion  Formation  (oldest). 

The  following  is  a generalized  section  of  the  Allegheny  Group: 

Average 

thickness 

(feet) 


Freeport  Formation 

Upper  Freeport  coal 

Clay;  limestone;  sandstone,  fine-  to  medium-grained,  micaceous, 

thin-bedded  to  massive;  shale 

Lower  Freeport  coat,  canneloid  and  shaly  in  places 

Clay;  limestone;  sandstone,  fine-  to  medium-grained,  quartzose, 

micaceous  

Kittanning  Formation 

Upper  Kittanning  coal,  canneloid  and  shaly 

Shale;  siltstone;  sandstone,  fine-  to  medium-grained 

Middle  Kittanning  coal 

Shale;  sandstone,  fine-grained 

Lower  Kittanning  coal,  discontinuous 

Clay;  shale;  sandstone,  very  fine-  to  medium-grained,  thin-bedded  to 

massive,  quartzose,  lenticular 

Vanport  Limestone  

Clarion  Formation 

Shale;  sandstone,  fine-grained;  coal,  thin,  at  top  (Scrubgrass  coal), 
middle  (Clarion  coal),  and  bottom  of  the  formation  (Brookville  coal) 

Well  Depths  and  Yields 


3 

60 

2 

56 

1 

26 

2 

40 

1 

53 


40 


The  Allegheny  Group  is  capable  of  supplying  moderate  amounts  of  water  to 
wells.  About  half  the  18  wells  on  which  data  are  available  yield  more  than  15 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 


29 


gpm.  Two  wells  yield  less  than  5 gpm,  and  two  yield  more  than  100  gpm. 
Measurements  of  depth  of  31  wells  are  available.  About  half  the  wells  are  more 
than  105  feet  deep,  three  are  less  than  50  feet  deep,  and  only  two  are  more  than 
210  feet  deep. 


Water  Quality 

Only  a single  analysis  is  available  for  water  from  a well  tapping  the  Allegheny 
Group.  The  well  is  near  the  Ohio  River,  about  4 miles  east  of  Midland.  It  is  only 
200  feet  deep,  but  its  water  contains  more  than  3800  mg/1  dissolved  solids,  most 
of  which  are  sodium  chloride.  The  water  is  typical  of  that  obtained  from  rocks 
that  have  been  incompletely  Oiished  of  their  original  water.  The  chemical 
analysis  of  water  from  this  well  illustrates  the  dangers  of  drilling  too  deep  in 
some  areas. 


Pottsville  Group 
Distribution  and  Lithology 

The  Pottsville  Group  crops  out  only  in  the  northern  part  of  the  valleys  of  the 
Beaver  River  and  Connoquenessing  Creek.  It  is  about  200  feet  thick  and 
typically  consists  of  alternating  sequences  of  massive  sandstone  and  shale. 
However,  the  sandstones  grade  laterally  into  sandy  shale  or  shale  and  are  then 
difficult  to  distinguish  from  the  overlying  or  underlying  units.  The  Homewood 
and  the  upper  and  lower  members  of  the  Connoquenessing  are  the  sandstone 
units.  The  Mercer,  the  middle  member  of  the  Connoquenessing,  and  the  Sharon 
constitute  the  shale  units.' 

The  sandstones  of  the  Pottsville  are  sometimes  misiden titled  because  of  their 
similar  appearance  and  the  common  practice  of  identifying  them  by  their 
relation  to  a nearby  coal  bed.  Thus,  the  Homewood  is  considered  to  lie 
immediately  beneath  the  Brookville  coal  or  its  underclay  (Allegheny  Group). 
However,  the  Brookville  was  misidentified  in  some  of  the  older  reports,  and  the 
name  was  applied  to  a coal  bed  in  the  Mercer.  This  usage  is  sometimes  applied 
today,  so  that  the  Homewood  then  becomes  a bed  in  the  Clarion,  the  Conno- 
quenessing is  called  the  Homewood,  and  the  sandstone  in  an  underlying 
formation  becomes  the  Connoquenessing. 

The  base  of  the  Pottsville  is  also  difficult  to  define  in  places.  The  underlying 
(Mississippian)  surface  has  been  truncated  by  erosion,  so  that  the  upper  shale 


' These  formation  names  do  not  conform  to  the  nomenclature  used  by  the  Pennsylvania 
Geological  Survey.  For  a discussion  of  the  stratigraphy  of  the  Pottsville  Group  in  western 
Pennsylvania,  see  Edmunds,  W.  E.  (1969),  Revised  lithostratigraphic  nomenclature  of  the 
Pottsville  and  Allegheny  Groups  (Pennsylvanian),  Clearfield  County,  Pennsylvania,  Pa.  Geol. 
Survey,  4th  ser..  Inf.  Circ.  61,  36  p.;  Ashley,  G.  H.  (1945),  T/ie  Piitsburgh-Pottsville 
boundary.  Jour.  Geology,  v.  53,  p.  374-389;  and  Renick,  B.  C.  (1924),  The  correlation  of 
the  Allegheny -Pottsville  section  in  western  Pennsylvania,  Jour.  Geology,  v.  32,  p.  64-80. 
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units  may  be  missing,  and  the  Pottsville  then  rests  directly  on  sandstone.  Both 
the  Pottsville  and  the  Mississippian  sandstones  are  typically  gray  to  white, 
well-cemented  quartzites. 

A conventional,  generalized  section  througli  the  Pottsville  Group  is  as 
follows: 


Average 

thickness 

(feet) 


Homewood  Formation 

Shale  to  mas.sive  sandstone;  thin  coals 40 

Mercer  Formation 

Sandy  shale;  shale;  coal  (one  to  three  beds);  clay;  limestone 30 

Connoquenessing  Formation 

Sandstone,  massive  to  shaly 40 

Shale;  sandy  shale;  coal 30 

Sandstone,  massive  to  shaly 40 

Sharon  Formation 

Shale  and  coal 20 


Well  Depths  and  Yields 

Data  for  the  Pottsville  are  available  from  23  wells  whose  average  depth  is 
about  70  feet  and  whose  average  yield  is  about  30  gpm.  Where  the  group  is  not 
buried  too  deeply,  it  should  be  an  excellent  source  of  water,  as  it  is  farther 
north. 


Water  Quality 

No  analyses  of  water  from  wells  drilled  in  the  Pottsville  in  Beaver  County  are 
available.  However,  where  the  sandstones  are  well  developed,  they  usually 
contain  large,  easily  Bushed  fractures.  Therefore,  where  the  Pottsville  is  not  too 
deeply  buried  beneath  poorly  permeable  rocks,  it  should  contain  water  of 
satisfactory  quality. 


DEVELOPMENT  OF  GROUND-WATER  SUPPLIES 

During  the  early  settlement  of  the  area,  water  needs  of  the  people  were  easily 
satisfied  by  shallow  dug  wells.  The  shallower  of  these  wells  failed  during  the  late 
summer  and  fall  and  especially  during  drauglit  years,  so  that  the  wells  had  to  be 
deepened.  Even  so,  the  yield  of  a dug  well  was  severely  limited  because  it  could 
be  dug  only  a short  distance  below  the  water  table.  Dug  wells  were  also  easily 
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contaminated  because  their  sides  were  loosely  lined  with  stone,  permitting  ready 
access  of  water  without  the  benefit  of  slow  filtration;  also,  burrowing  animals 
sometimes  tumbled  into  dug  wells  and  drowned. 

As  advancing  technology  made  possible  the  drilling  of  wells,  this  type  of 
construction  supplanted  the  digging  of  wells.  Drilled  wells  overcame  both  dis- 
advantages of  dug  wells  cited  above.  They  could  be  drilled  to  nearly  any  depth, 
thus  ensuring  a perennial  supply  of  water.  Surface  pollutants,  discrete  zones  of 
undesirable  water,  and  burrowing  animals  could  be  kept  out  by  steel  casing. 

As  more  people  settled  close  to  one  another,  and  as  mines  were  activated,  the 
drilled  well  next  to  an  owner’s  home  could  no  longer  be  counted  on  to  supply 
adequate  amounts  of  pure  water.  In  some  places  the  close  proximity  of  many 
families  discharging  wastes  into  cesspools  exceeded  the  ground’s  capacity  to 
filter  the  water,  and  some  or  all  of  the  wells  were  contaminated. 

Mining  can  adversely  affect  the  quality  of  water  by  accelerating  the  oxidation 
of  iron  sulfide  minerals  and  also  can  permanently  lower  the  water  table,  so  that 
the  water  becomes  brackish. 

The  latest  step  in  the  development  of  ground-water  supplies  is  the  con- 
struction of  community-supply  wells.  These  wells  are  drilled  in  favorable 
locations,  where  large  supplies  may  be  obtained  and  where  the  sites  can  be 
protected  from  contamination. 

PUBLIC  WATER  SUPPLIES 

Approximately  70  percent  of  the  population  of  Beaver  County  uses  water 
from  a public  supply.  The  water  is  supplied  to  38  communities  by  15  water 
authorities  or  water  companies  in  the  county.  Seven  of  the  suppliers  use  wells, 
four  use  surface-water  sources,  and  four  purchase  water  from  three  of  the  other 
suppliers  (Table  7). 


WATER  PROBLEMS  RESULTING 
FROM  THE  ACTIVITIES  OF  MAN 


The  activities  of  man  have  caused  an  acceleration  of  some  natural  processes, 
resulting  in  a marked  worsening  of  the  chemical  quality  of  the  water. 

Chief  among  these  activities  is  coal  mining.  As  noted  earlier,  mining  breaks  up 
the  rock  and  exposes  more  surface  area  of  iron  sulfide  minerals  to  air  and  water. 
The  consequent  oxidation  and  solution  of  iron  sulfide  minerals  result  in  water 
higli  in  sulfate,  iron,  and  acid  content.  The  acid  in  the  water  attacks  calcium 
carbonate  minerals  and  increases  the  water’s  hardness.  The  water  continues  to 
move  througli  the  rocks,  so  that  it  is  associated  not  only  with  the  iron  sulfide 
minerals  but  also  with  underlying  rocks  or  in  rocks  down  the  hydraulic  gradient; 
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Housing  projects  (2)  considered  as  individual  customers. 
Oliioville  Horougli  considered  as  one  customer. 
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that  is,  in  the  direction  the  water  moves  naturally.  This  water  eventually  is 
discharged  to  streams,  where,  in  sufficient  quantities,  it  kills  fish  and  plant  life 
and  leaves  an  orange  scum  of  oxidized  iron  on  the  stream  bottom. 

Mining  may  result  in  a permanent  lowering  of  water  levels.  This  lowering,  plus 
land  subsidence,  may  reduce  the  value  of  land  above  the  mine. 

Oil  and  gas  operations  constitute  another  source  of  contamination  of  water 
supplies.  Hundreds  of  wells  have  been  drilled  in  the  county  in  the  search  for  oil 
and  gas.  When  a well  proved  nonproductive  it  was  abandoned.  Not  always  in  the 
past,  however,  was  the  well  properly  plugged  before  abandonment.  In  some 
places  wells  were  left  open  or  only  capped,  so  that  salt  water  and  oil  were  able  to 
rise  in  the  borehole.  When  the  casing  became  corroded  or  was  removed,  saline 
water  and  oil  moved  into  freshwater  aquifers  and  into  streams. 

WELL  CONSTRUCTION 

DRILLING  METHODS 

Dug  wells  are  being  replaced  gradually  by  drilled  wells.  Two  methods  are  used 
to  drill  most  of  the  wells:  the  cable-tool  percussion  method  and  the  rotary- 
drilling method. 

In  the  cable-tool  percussion  method,  wells  are  drilled  by  alternately  lifting 
and  dropping  a heavy  drill  bit  in  the  borehole.  The  drill  bit  breaks  or  crushes  the 
rock  into  small  fragments,  which  are  then  removed  from  the  hole  by  bailing.  In- 
the  rotary-drilling  method,  wells  are  drilled  by  a rotating  bit,  and  the  rock  chips 
are  removed  by  circulating  water,  drilling  mud,  or  air  under  pressure  in  the 
borehole.  Well  diameters  for  drilled  wells  are  smaller  than  those  of  dug  wells,  but 
depths  and  yields  of  drilled  wells  generally  are  much  greater. 

Steel  casing  is  emplaced  in  the  drilled  wells  to  the  bottom  of  the  weathered 
rock,  and  a slurry  of  rock  cuttings  (in  most  domestic  wells)  or  concrete  (in 
public  supply  and  industrial  wells)  is  then  poured  in  the  annular  space  between 
the  casing  and  the  wall  of  the  well  to  seal  the  space  tightly  and  to  prevent 
contaminants  from  entering  the  well. 

WELL  DEVELOPMENT 

The  method  commonly  used  to  increase  well  yields  consists  of  heavy 
pumping  of  the  well  for  a short  period  of  time  to  remove  drill  cuttings  and  fine 
material.  Other  less  common  techniques  used  to  increase  yields  are  mechanical 
surging  and  the  addition  of  detergents. 

Mechanical  surging  is  similar  to  operating  a piston  in  a cylinder,  with  the 
casing  or  well  bore  acting  as  the  cylinder  and  the  surge  block  as  the  piston. 
Alternately  raising  and  lowering  the  block  in  the  well  forces  water  in  and  out  of 
openings  in  the  aquifer.  Rock  chips  or  fine  sand  grains  are  loosened  and  drawn 
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into  the  well  bore,  from  which  they  may  be  pumped  after  surging.  This  method 
is  most  successful  in  sandstone,  conglomerate,  and  unconsolidated  aquifers. 

Detergents  can  be  used  in  wells  where  clay  and  silly  materials  are  plugging 
small  fractures  and  other  openings  in  the  aquifer.  The  detergent  helps  break  up 
these  plugs  into  small  particles,  so  that  they  may  be  pumped  out,  leaving  the 
aquifer  openings  clear  to  transmit  more  water  to  the  borehole. 


MANAGEMENT  OF  WATER  SUPPLIES 

PROTECTION  FROM  OVERDRAFT 

Except  in  the  vicinity  of  active  mines,  where  the  water  table  is  deliberately 
being  lowered  to  facilitate  mining,  there  is  no  known  overdraft  of  ground  water 
anywhere  in  the  county.  Overdraft  is  possible  wherever  well  fields  are  established 
or  expanded  to  supply  large  amounts  of  ground  water.  Determining  interference 
between  wells  before  drilling  final  production  wells  is  a safeguard  against 
possible  overdraft,  as  are  periodic  water-level  measurements  to  determine  the 
long-term  trend  of  water-table  tluctuations  and  the  effect  of  pumping. 


PROTECTION  FROM  POLEUTION 

Pollutants  are  carried  downward  from  the  land  surface  by  infiltrating  water  or 
are  moved  laterally  from  adjacent  areas.  Because  ground-water  movement  is 
relatively  slow,  such  pollutants  are  slow  to  accumulate  and  just  as  slow  to 
disperse  after  the  polluting  source  is  removed.  The  locations  of  sources  of 
pollution,  such  as  sanitary  landfills  and  septic  tanks,  are  a major  factor  in  the 
selection  of  well  sites. 

Government  agencies  are  becoming  increasingly  active  in  the  field  of 
pollution  prevention.  For  example,  the  Pennsylvania  Department  of  Environ- 
mental Resources  has  set  standards  for  length  and  cementing  of  casing  in  wells. 
The  Division  of  Oil  and  Gas  has  regulations  concerning  the  abandonment  of  oil 
and  gas  wells,  and  the  Bureau  of  Land  Protection  and  Reclamation  supei-vises  the 
backfilling  of  strip  mines  to  reduce  the  formation  of  acid  water  in  the  stripped 
areas. 


WHERE  TO  GET  INFORMATION  ABOUT  WATER 

A variety  of  infomration  on  water  supplies  is  available  from  the  several 
government  agencies  listed  below.  When  requesting  information  it  is  important 
to  give  an  accurate  location  of  the  site  for  which  you  wish  information. 
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The  Pennsylvania  Topographic  and  Geologic  Survey  has  information  on  the 
geology  of  Beaver  County  and  has  published  reports  that  describe  in  detail  the 
rocks  that  underlie  the  county.  Well  drillers’  logs  and  reports  on  new  wells  that 
have  been  drilled  in  the  county  are  also  available  at  their  office. 

The  Division  of  Water  Quality,  Bureau  of  Water  Quality  Management, 
Pennsylvania  Department  of  Environmental  Resources,  can  supply  information 
on  well-construction  requirements,  biological  reports  on  well  water,  and  the 
chemical  quality  of  ground  water.  The  Division,  through  various  regional  offices, 
tests  water  samples  for  bacterial  pollution.  They  also  can  advise  effective 
corrective  measures  when  pollution  is  reported. 

The  Division  of  Natural  Resources  and  Technical  Services,  Bureau  of  Engi- 
neering, Pennsylvania  Department  of  Environmental  Resources,  has  information 
on  stream  discharges,  Hood  data,  reservoir  requirements,  and  power-plant 
discharges. 

The  Public  Utility  Commission,  Bureau  of  Rates  and  Research,  has  infor- 
mation on  some  municipal  water  supplies,  including  source,  average  daily  use, 
total  annual  use,  and  estimated  future  needs. 

The  U.S.  Geological  Survey  has  data  on  wells,  springs,  and  streams  and  on  the 
chemical  quality  of  water. 

Local  well  drillers  and  pump  installers  can  provide  prices  and  suggest  the  type 
of  equipment  needed  to  develop  a water  supply.  They  can  also  suggest  the 
proper  well  diameter  for  the  necessaiy  pumping  equipment.  Pump  installers  can 
supply  information  concerning  the  size  of  the  pump,  depth  of  the  pump  setting, 
and  the  pressure-tank  capacity. 

If  the  chemical  analysis  of  the  well  water  indicates  treatment  is  necessary,  any 
of  the  commercial  water-treatment  companies  can  provide  the  necessary 
information  and  equipment.  Equipment  for  water  treatment  can  be  purchased  or 
rented,  and  it  will  generally  be  serviced  by  the  supplier  if  desired. 


GLOSSARY 

Aquifer;  A formation,  group  of  formations,  or  a part  of  a formation  that 
contains  sufficient  saturated  permeable  material  to  yield  significant  quantities 
of  water  to  wells  and  springs. 

Artesian  conditions:  The  occurrence  of  ground  water  under  sufficient  hydro- 
static head  to  rise  above  the  upper  surface  of  the  aquifer. 

Base  flow:  Discharge  entering  stream  channels  as  effluent  from  the  ground-water 
reservoir;  the  fair-weather  flow  of  streams. 

Cubic  feet  per  second:  The  discharge  of  a stream  of  rectangular  cross  section,  1 
foot  wide  and  1 foot  deep,  whose  velocity  is  1 foot  per  second;  equivalent  to 
448.8  gallons  per  minute. 
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Cone  of  depression:  A conical  depression,  on  a water  table  or  other  potentio- 
metric  surface,  produced  by  a pumping  well. 

Direct  runoff:  The  water  that  moves  over  the  land  surface  directly  to  streams 
promptly  after  rainfall  or  snowmelt. 

Dip  of  beds:  The  angle  at  which  the  formation  or  bed  in  inclined  from  the 
horizontal  measured  at  a right  angle  to  the  strike. 

Discharge,  ground  water:  The  process  by  which  water  is  removed  from  the 
saturated  zone;  also  the  quantity  of  water  removed. 

Drawdown:  The  lowering  of  the  water  table  or  potentiometric  surface  caused  by 
pumping  (or  artesian  flow). 

Evapotranspiration:  Water  withdrawn  from  a land  area  by  direct  evaporation 
from  water  surfaces  and  moist  soil  and  by  plant  transpiration. 

Fault:  A fracture  or  fracture  zone  along  which  there  has  been  displacement  of 
the  two  sides  relative  to  each  other  parallel  to  the  fracture.  The  displacement 
may  be  a few  inches  or  many  miles. 

Formation:  A fundamental  unit  in  rock  stratigraphic  classification.  It  is  a body 
of  rock  characterized  by  lithologic  homogeneity;  it  is  prevailingly  but  not 
necessarily  tabular  and  is  mappable  at  the  earth's  surface  or  traceable  in  the 
subsurface. 

Fracture:  A break  in  rocks. 

Generalized  geologic  section:  The  description  of  the  prominent  features  in  a 
sequence  of  rocks.  Minor  features  are  neglected. 

Ground-water  reservoir:  An  aquifer  or  a group  of  related  aquifers. 

Head,  static  head:  The  height  of  a vertical  column  of  water,  the  weight  of  which, 
in  a unit  cross  section,  is  equal  to  the  hydrostatic  pressure  at  a point. 

Homocline:  A structure  in  which  the  beds  dip  uniformly  in  one  direction. 

Hydraulic  gradient:  Change  in  static  head  per  unit  of  distance  in  a given 
direction. 

Overdraft:  An  excessive  lowering  of  the  water  level  or  artesian  head  in  an  aquifer 
caused  by  excessive  withdrawal. 

Perched  ground  water:  Ground  water  separated  from  an  underlying  body  of 
ground  water  by  unsaturated  deposits. 

Permeability:  The  capacity  of  a material  to  transmit  a fluid. 

Porosity:  The  ratio  of  the  aggregate  volume  of  interstices  in  a rock  or  deposit  to 
its  total  volume,  expressed  as  a percentage. 

Potentiometric  surface:  The  surface  that  represents  the  static  ground-water  head; 
defined  by  the  levels  to  which  water  will  rise  in  tightly  cased  wells. 

Primary  openings:  Openings  or  voids  existing  when  the  rock  was  formed.  In 
sedimentary  rocks,  openings  result  from  the  arrangement  and  nature  of  the 
original  sediment. 

Recharge,  ground  water:  The  process  by  which  water  is  added  to  the  saturated 
zone;  also  the  quantity  of  water  added. 


38 


BEAVER  COUNTY  GROUND- WATER  RESOURCES 


Runoff:  That  part  of  the  precipitation  that  appears  in  streams.  It  is  the  same  as 
streamflow  unaffected  by  artificial  diversions,  storage,  or  other  works  of  man 
in  or  on  the  stream  channels. 

Saturated  zone:  The  zone  in  which  interconnected  interstices  are  saturated  with 
water  under  pressure  equal  to  or  greater  than  atmospheric. 

Secondary  openings:  Voids  produced  in  rocks  subsequent  to  their  formation  by 
solution,  weathering,  or  movement. 

Soil  tonal  alignments:  The  arrangement  of  similar  tones  or  shades  of  color  in  a 
particular  direction  on  an  aerial  photograph  believed  to  be  due  to  a similarity 
in  the  properties  of  the  soil. 

Specific  capacity:  The  yield  of  a well,  in  gallons  per  minute,  divided  by  the 
drawdown  of  water  level  in  the  well,  in  feet. 

Stream-gaging  station:  A gaging  station  where  a record  of  discharge  of  a stream  is 
obtained.  Within  the  Geological  Survey  this  term  is  used  only  for  those  gaging 
stations  where  a continuous  record  of  discharge  is  obtained. 

Surface  water:  Water  on  the  surface  of  the  earth. 

Transpiration:  The  process  by  which  vapor  escapes  from  the  living  plant, 
principally  the  leaves,  and  enters  the  atmosphere. 

Unconformity:  A surface  of  erosion  that  separates  younger  strata  from  older 
rocks. 

Vadose  water:  Water  in  the  zone  of  aeration. 

Water  table:  The  potentiometric  surface  of  an  unconfined  water  body  where  the 
pressure  is  equal  to  that  of  one  atmosphere. 

Water-table  conditions:  The  condition  under  which  water  occurs  in  an  aquifer 
that  has  a water  table  and  is  not  overlain  by  an  impermeable  body. 
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